Dengue is an extremely endemic infectious disease of the tropical countries and is rapidly becoming a global burden. It is caused by any of the four serotypes of dengue virus and is transmitted within humans through female Aedes mosquitoes. Dengue disease varies from mild fever to severe conditions of dengue hemorrhagic fever and shock syndrome. Globalization, increased air travel, and unplanned urbanization have led to increase in the rate of infection and helped dengue to expand its geographic and demographic distribution. Dengue vaccine development has been a challenging task due to the existence of four antigenically distinct dengue virus serotypes, each capable of eliciting crossreactive and disease-enhancing antibody response against the remaining three serotypes. Recently, Sanofi Pasteur's chimeric live-attenuated dengue vaccine candidate has been approved in Mexico, Brazil, and Philippines for usage in adults between 9 and 45 years of age. The impact of its limited application to the public health system needs to be evaluated. Simultaneously, the restricted application of this vaccine candidate warrants continued efforts in developing a dengue vaccine candidate which is additionally efficacious for infants and native individuals. In this context, alternative strategies of developing a designed vaccine candidate which does not allow production of enhancing antibodies should be explored, as it may expand the umbrella of efficacy to include infants and native individuals.
Introduction
Dengue is a communicable disease caused by any of the four dengue virus divergent serotypes: DENVs 1-4. It is a mosquito-borne disease and is primarily transmitted to humans by the female Aedes mosquito. The disease is mainly focused in tropical and subtropical areas, putting nearly a third of the human population, worldwide, at risk of infection [1] . Infection with DENV outcomes in different degrees of pathological conditions, ranging from mild asymptomatic dengue fever (DF) to severe dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) which may turn fatal [2] . A dramatic universal expansion of the DENV has transpired due to rapid urbanization, increase in international travel, lack of effective mosquito control measures, and globalization [3] .
Dengue has developed one of the most widespread reemerging mosquito-borne diseases globally. Incidence of dengue has increased 30-fold in last five decades [4] . Currently, dengue is endemic to 128 countries, mostly developing nations, posing a risk to approximately 3.97 billion people annually. A recent dengue distribution model has estimated 390 million dengue infections annually, out of which 96million cases occurred apparently [5] . The Indian subcontinent is the epicenter of dengue [6] with cases being heavily underestimated [7] . Thus, there is an urgent need of improvement in serosurveillance to enable the authorities to prepare adequately for an outbreak.
Epidemiology
Dengue has become one of the most widespread recurring mosquito-borne diseases worldwide. Prevalence of dengue has increased 30-fold in last five decades [8] . Currently, dengue is endemic to 128 countries, mostly developing nations, posing a risk to approximately 3.97 billion people annually. A recent dengue distribution model has estimated 390 million dengue infections annually, out of which 96 million cases occurred apparently [9, 10] . The Indian subcontinent is the epicenter of dengue [11] with cases being heavily undervalued [12] . Thus, there is an urgent need of improvement in serosurveillance to enable the authorities to prepare adequately for an outbreak.
Route
Dengue viruses are transmitted in humans by female Aedes (Ae.) mosquitoes of the subgenus Stegomyia. Ae. aegypti has been the most important epidemic vector in the tropical and subtropical regions. Other species such as Ae. albopictus, Ae. polynesiensis, member of Ae. scutellaris
Dengue virus
Dengue goes to the Flaviviridae family, which includes the West Nile and Yellow fever viruses (Westaway 1997) The dengue viral genomes consist of a positive single-stranded RNA encoding ten proteins; capsid (C), membrane protein (M), envelope protein (E), and seven nonstructural proteins, NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5 is a large multifunctional protein with a C-terminal RNA-dependent-RNA polymerase domain that is required for viral replication [13] and an N-terminal methyltransferase domain required for RNA capping.
The E protein is the major exposed antigen of the dengue virion, antibodies against which provide immunity during natural infection. The E proteins of the four DENV serotypes have 60-70% amino acid similarity and are glycosylated at Asn-67 (unique to dengue) and Asn-153. These residues have been found to play important roles in the receptor attachment and viral entry into the cell. The E protein consists of a transmembrane region and an ectodomain which is divided into three structural/functional domains [14] (Fig. 1) 
Figure 1 Structure of dengue virus
Capsid binds and stabilizes viral RNA. Premembrane / membrane i) Pr peptide functions as cap that protects the fusion peptide on E, thus preventing premature fusion (ii) M forms ion channel. Envelope (E) (iii) Recognition and binding to the host cell Involved in uncoating of virus by enabling fusion of viral and endosomal membrane.
Dengue causes
The range of clinical sickness may extend from asymptomatic disease to a broad range of syndromes with severe clinical signs. Symptomatic infection may range from mild debilitating DF to life threatening DHF and DSS due to plasma outflow in DHF patients. These three conditions likely represent progressively severe stages of a continuous dengue disease spectrum [15] . They depend on traditional WHO classification case definitions and continue to be recognized in many regions of the world despite the introduction of a new classification system. The new classification based on a single parameter allows better case capture [16] but is not compatible with restricted health care facilities in endemic regions, especially during outbreaks [17] .
DF is a self-restricting fever, lasting usually for 5-7 days. It is sometimes unbearable during the acute illness stage. The clinical features of DF vary according to the age of the patient. The children and young children may have undifferentiated febrile sickness with maculopapular rash. The older children and adults may have mild fevered syndrome or severe disease with high fever (usually biphasic), severe headache, retroorbital pain, myalgia, arthralgia, nausea, vomiting, and petechiae. Leukopenia and thrombocytopenia are usually observed in all ages. In some cases, DF may accompany bleeding complication such as gingival bleeding, epistaxis, gastrointestinal bleeding, haematuria, and menorrhagia (in case of women) [15] .
DHF is described by symptoms of DF along with thrombocytopenia, hemorrhagic manifestations, and plasma spillage. A positive tourniquet test may be suggestive of DHF; however, this is being debated now due to its low sensitivity/specificity. Plasma leakage determines disease severity in DHF. It is also the most important difference between DHF and DF. Depending on disease severity and clinical manifestations, DHF is divided into four grades I to IV, with grade IV being the most severe. Numerous patients also have fine petechiae scattered on the extremities, axillae, face, and soft palate, usually seen in the febrile period. The critical phase is usually reached at the end of febrile illness, marked by rapid decrease in temperature and often accompanied by circulatory disturbances including plasma leakage, hemoconcentration, and thrombocytopenia.
In seroius cases, with critical plasma loss, DSS results and may be life threatening if not treated properly. DSS is categorized by a rapid, weak pulse with narrowing pulse pressure ( < 20 mm of Hg), cold clammy skin, and restlessness. The patient may die within 12-24 h of going into shock or recover rapidly with volume replacement therapy.
Dengue vaccine strategies
In spite of the current difficulties for a perfect dengue immunization, improvement of dengue antibody applicants has advanced throughout the most recent decade and a portion of these have entered clinical preliminaries in both endemic and nonendemic territories.
Replicating viral vaccines
These include live-attenuated viruses (LAV) that are created by reducing the virulence of a pathogen without compromising its viability. Current methods of producing live-attenuated viruses for dengue vaccines include attenuation by serial passage in cell lines and targeted mutagenesis and by constructing chimeric vaccine viruses:
Advantages: robust, lasting, and broad immunity andlower production cost.
Disadvantages: difficulty in attenuation, genetic instability, possibility of reversion, and interference in the case of multicomponent LAV vaccines.
Chimeric dengue vaccine
Chimeric dengue immunizations have been planned using two methods: (i) with another attenuated flavivirus and (ii) with an attenuated DENV strain (intertypic chimera). The vaccine where chimera of DENV has been made with another flavivirus is the chimeric yellow fever-dengue (CYD) vaccine, which is being developed by Sanofi Pasteur and licensed under the brand name "Dengvaxia" [18] . In this vaccine, prM and E genes of the attenuated yellow fever LAV strain 17D have been replaced with the corresponding genes from DENV [19] . The validation behind this design was the fact that humoral response against the structural proteins of dengue was responsible for protective immunity during natural contagion and thus these chimeras would generate a protective immune response in vaccines. A tetravalent mixture of the four chimeric viruses has undergone extensive clinical evaluation and has recently been approved in Mexico, Brazil, El Salvador, and Philippines [20] . This vaccine will be discussed in detail in the later sections.
It was observed that DENV-2 was the dominating component and its replicative potential reduced by increasing the DENV-3 and DENV-4 component. This variation in DENV-2 induced viremia due to the variation in the dose of DENV-3 and DENV-4 components indicated viral interference. Moreover, the neutralizing antibody titers were found to be significantly low against DENV-4 and despite this, macaques were found to be protected against DENV-4 challenge [21] . A phase I clinical trial of low and high doses of the DENVax in healthy subjects in Columbia revealed that the candidate was safe and immunogenic. Notably, it corroborated the findings made in nonhuman primate study that neutralizing antibody titers elicited by DENVax are lowest against DENV-4 and highest against DENV-2 [22] . Additional insights into its effectiveness will be revealed through its phase II clinical trial evaluation. Meanwhile, phase III evaluation of this vaccine has now been started [23] .
Nonreplicating viral vaccines
These vaccine candidates are not capable of replicating and thus offer the advantage of conferring immunity without the risk of infection. There are multiple strategies to develop this class of vaccines like DNA vaccines, subunit proteins, VLPs, and so forth:
Advantages: reduced reactogenicity, better suitability for immune-compromised individuals, and balanced immune response in case of tetravalent formulation.
Disadvantages: less broad, potent, and durable immune response, which may result in ADE, and requiring the use of adjuvants.
Recombinant antigens based on DENV EDIII have been produced by different groups using E. coli and yeast expression hosts. Recombinant EDIII antigens, expressed either independently or fused to different carriers such as maltose binding protein [24] and the Neisseria meningitides p64k protein, have been shown to generate anti-DENV immune responses in mice and nonhuman primates [25] [26] [27] . These vaccines candidates are in preclinical phase currently.
Dengue DNA vaccine
This antibody comprises of a plasmid vector containing the gene(s) encoding for an antigen, which on inoculation is taken up by antigen introducing cells (APCs). When the plasmid enters the cell, it codes for the antigen which at last gets related with MHC class I atoms and gets showed on the cell surface, prompting defensive cytotoxic invulnerable reaction. Maritime Medical Research Center (NMRC), USA, has built up a DENV-1 DNA antibody competitor (D1ME100) by cloning prM and E quality of DENV-1 serotype into plasmid vector, which was broadly assessed in mice and macaques without adjuvant [28] before stage 1 preliminaries in solid grown-ups. In spite of the fact that DENV-1 DNA immunization was observed to be all around endured, the killing counter acting agent titers and the quantity of responders were observed to be low [28, 29] . Along these lines, to upgrade its immunogenicity, a lipid-based adjuvant Vaxfectin was investigated. Tetravalent dengue DNA antibody (TVDV) was assessed for immunogenicity with and without Vaxfectin in macaques. It was seen that Vaxfectin brought about higher and increasingly steady (assessed till a half year after definite lift) titers. The normal balance titers with TVDV/V axfectin against DENV-1, DENV-2, DENV-3, and DENV-4 every month after conclusive lift were roughly 200, 270, 170, and 70, individually. A half year after the last lift, the titers against DENV-2 and DENV-3 decreased, while those against DENV-1 and DENV-4 expanded hardly. In the gathering without Vaxfectin, titers against DENV-2 just were perceivable a half year after the last lift. Additionally, Vaxfectin permitted better security from viremia against DENV-2 challenge [30] . In the wake of setting up nontoxicity of TVDV/Vaxfectin in New Zealand white rabbits [31] , a stage I preliminary was started in 2011 in USA [32] .
Replication-defective virus vectored vaccines
In this method, a virus is used as a vector to carry antigenic genes that are capable of eliciting neutralizing antibody response. A few instances of viral vectors are adenovirus vectors, Venezuelan equine encephalitis virus vector, and attenuated measles virus [33] [34] [35] . A case of virus vectored dengue vaccine is cAdVax. It consists of bivalent constructs expressing prM and E proteins from two dengue serotypes each (DENV-1 and DENV-3 together in one and DENV-2 and DENV-4 in another construct). Study in NHPs showed production of neutralizing antibodies to respective DENV serotypes [36] . Therefore, a tetravalent formulation (cAdVax-DenTV) was prepared by mixing the bivalent constructs, which showed protection against all serotypes on DENV challenge in Rhesus macaques [37] .
Virus like particle (VLP) vaccines
The prM and E proteins of DENVs co expressed in heterologous hosts have been shown to co assemble into VLPs. Thus, a vaccine based on physical mixtures of four monovalent DENV VLPs can be developed to have a tetravalent formulation [38] . From the perception of using VLPs for vaccine purpose, the yeast system may be more suitable, as it has the potential for higher yields and can glycosylate the antigens. Recent work indicates that yeast expressed-DENV E ectodomain forms VLPs in the absence of prM [39] . Another approach is based on displaying the DENV EDIII on VLPs formed by hepatitis B virus core antigens [40] .
Conclusion
The improvement of severe dengue disease is a multifactorial process in which the presence of preexisting heterologous antibodies plays an important role. The absolute need for an efficacious tetravalent DENV vaccine, lack of an adequate animal disease model, and immune correlates of diseases protection remain as some of the major obstacles in developing a successful dengue vaccine. Since the wild type mice do not replicate clinical signs of human dengue infection, genetically engineered mouse models have been developed with considerable success to mimic some aspects of human infection. The most successful system has been the use of mouse-adapted DENV-2 and AG129 mice that lack IFN-receptors. Due to suppression of IFN pathway, an important branch of host immune response is disabled, which allows DENV to replicate. AG129 mice on disease with mouse-adjusted DENV-2 create vascular spillage without neurological entanglements, in this way copying human clinical indications of serious dengue. Additionally, this mouse show has been observed to be valuable in scoring ADE by inactive exchange of against DENV antibodies and test with nonlethal portion of mouse-adjusted DENV-2. The inactively exchanged antibodies are said to upgrade the ailment if the mice capitulate to disease and pass on. Since mouse-adjusted DENVs are not the normally circling strains, AG129 mice are being investigated as a reasonable dengue demonstrate with clinical isolates. Resistant reactions evoked by most dengue immunization approaches dependent in general infection might be like regular DENV contaminations and in this manner ailment or safe improvement methodologies (prevalent serotype cross-receptive killing antibodies) of DENV may defeat the defensive (minor serotype specific killing antibodies) viability of the entire infection based antibody competitor. A viable dengue immunization must be planned, which is equipped for inspiring dominatingly DENV serotype-explicit killing (defensive) antibodies without serotype cross-responsive killing (disease enhancing) antibodies. The pipeline of dengue antibodies is developing and despite lower adequacy, a dengue immunization may before long have turned out to be accessible for human use. Continued research on this topic is required to fill important gaps in our knowledge in the immune pathogenesis of severe dengue disease and may guide the development of safe and efficacious antiviral drugs and vaccines.
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